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osting by EAbstract Sound orthodontic movement of anterior teeth is delineated by the biological dimensions
of the anterior alveolus.
Objective: To establish and compare the anterior alveolar dimensions among normal and abnor-
mal sagittal maxillomandibular relationships in a Saudi sample.
Materials and methods: The lateral cephalometric radiographs of 81 Saudi subjects (42 males and
39 females) were used to determine the anteroposterior and vertical dimensions of the anterior alve-
olus in Class I (N= 30), Class II (N= 24), and Class III (N= 27) cases. The anterior alveolar
dimensions were then compared among males and females belonging to the same sagittal classiﬁca-
tion and between the different sagittal classiﬁcations of the same gender.
Results: Signiﬁcant differences (P< 0.05) in the anterior alveolar dimensions between males and
females were demonstrated for the same sagittal jaw classiﬁcation. Also, signiﬁcant differences
(P< 0.05) were detected between the anterior alveolar dimensions among the different sagittal
maxillomandibular classiﬁcations of the same gender.
Conclusion: Both the gender and the sagittal maxillomandibular relationship can affect the
anteroposterior and vertical dimensions of the anterior alveolus.
ª 2010 King Saud University. All rights reserved.ity. All rights reserved. Peer-
d University.
lsevier1. Introduction
Increased facial convexity is a major indication for extraction
therapy to allow for retraction of anterior teeth during ortho-
dontic treatment. Optimal stability and esthetics are normally
achieved when the upper and lower incisors are positioned
upright relative to their apical bony bases (Bills et al., 2005).
Camouﬂage treatment of Class II and Class III malocclusion
is often feasible with anteroposterior repositioning of upper
and/or lower incisors to restore normal sagittal relationship
(Costa Pinho et al., 2004; Demir et al., 2005). Positioning of
the incisors in the middle of the alveolar process between the
70 A. AlHadlaqlabial and lingual/palatal cortical plates improves the support
around the roots and leads to enhanced periodontal conditions
(Handelman, 1996; Horiuchi et al., 1998).
The width of the alveolar base is usually accomplished
upon complete eruption of the permanent teeth (Sergl et al.,
1996). Normal biological architecture with ideal bony support
is established when the roots are situated in the medullary
portion of the alveolar bone with adequate alveolar bone
thickness surrounding the roots (Mirabella and Artun, 1995).
Therefore, sound orthodontic tooth movement usually takes
place within the alveolar bone without biological encounter be-
tween the roots and the cortical plates to avoid any possible
iatrogenic risks, such as bone loss or root resorption (Lupi
et al., 1996). Excessive lingual retraction or labial protraction
of incisors is a common reason for inadvertent periodontal
consequences due to resorption of the cortical bone and root
exposure (Sarikaya et al., 2002; Demir et al., 2005). In general,
approximating the lingual or facial cortical plates increases the
risk for producing undesirable effects (Horiuchi et al., 1998).
Remodeling capability of the alveolar bone has been dem-
onstrated to be tapering from the height of the alveolar process
in the direction of the root apex (Vardimon et al., 1998). This
biological limitation to orthodontic tooth movement, espe-
cially at the level of root apex, has focused the attention of
orthodontic literature on the relationship between different
orthodontic tooth movements of upper and lower incisors in
the labiolingual direction and the thickness of the anterior
alveolus (Wainwright, 1973; Mulie and Hoeve, 1976; Handel-
man, 1996; Vardimon et al., 1998). Also, the correlation be-
tween anterior alveolar dimensions and different skeletal jaw
relationships has been studied (Edwards, 1976; Wonglamsam
et al., 2003; Bills et al., 2005). The height and width of the ante-
rior alveolus in normal Class I Saudi individuals has been al-
ready established (Al-Barakati and Alhadlaq, 2007). In order
to achieve a sound anteroposterior orthodontic tooth move-
ment of upper and lower incisors in patients with abnormal
sagittal jaw relationship, knowledge of the sagittal width of
the upper and lower anterior alveolus is essential. The purpose
of the present study was to establish and compare the anterior
alveolar dimensions as measured relative to the root apex of
the maxillary and mandibular central incisors among different
sagittal maxillomandibular classiﬁcations in Saudi male and
female subjects.
2. Materials and methods
The lateral cephalometric radiographs of 81 Saudi subjects (42
males and 39 females) obtained from the orthodontic records
at the orthodontic clinic, King Saud University, were utilized
in this study. All individuals of the sample were healthy with
no congenital or acquired medical disorders, no previous
orthodontic treatment or growth modiﬁcation therapy, andTable 1 Average age and ANB angle value among subjects of vari
Average ± SD
Female group (N= 39)
Class I (n= 15) Class II (n= 11) Class III (n=
Age (years) 21.6 ± 1.64 22.55 ± 3.56 22.15 ± 3.26
ANB () 2.53 ± 1.14 8.95 ± 2.52 5.19 ± 2.73no history of trauma to the head/neck region. All subjects were
adults with an age range between 16–24 years of age for the
males and 17–29 years for the females. The male and female
groups were subdivided into a total of six study groups based
on the sagittal classiﬁcation of the maxillomandibular relation-
ship as reﬂected by the ANB angle. The ANB angle value ran-
ged from 0 to 4 for the Class I subjects, from 5 to 13 for the
Class II subjects and from 1 to 10 for the Class III sub-
jects. The average age and ANB angle of the sample among
different study groups are presented in Table 1.
All lateral cephalometric radiographs were traced over an
illuminated viewing box in a darkened room using a sharp
3H pencil on an acetate tracing paper. The landmarks identi-
ﬁed on each cephalometric tracing were: nasion (N), anterior
nasal spine (ANS), posterior nasal spine (PNS), point A (A),
point B (B), upper incisal apex (UIA), and lower incisal apex
(LIA) (Fig. 1). The method described by Handelman (1996)
of measuring the dimensions of the maxillary and mandibular
anterior alveolus was followed (Fig. 1). The following variables
were measured on each cephalometric tracing for comparison
in this study:
 Upper posterior alveolus width (UP): the distance from the
apex of the maxillary central incisor to the limit of the pal-
atal cortex along a line drawn through the apex parallel to
the palatal plane (ANS–PNS).
 Upper anterior alveolus width (UA): the distance from the
apex of the maxillary central incisor to the limit of the labial
cortex along a line drawn through the apex parallel to the
palatal plane.
 Upper anterior alveolus height (UH): the shortest distance
between the maxillary central incisor apex and the palatal
plane.
 Lower posterior alveolus width (LP): the distance from the
apex of the mandibular central incisor to the limit of the lin-
gual cortex along a line drawn through the apex parallel to
the occlusal plane.
 Lower anterior alveolus width (LA): the distance from the
apex of the mandibular central incisor to the limit of the
labial cortex along a line drawn through the apex parallel
to the occlusal plane.
 Lower anterior alveolus height (LH): the shortest distance
from the apex of mandibular central incisor apex to the
lowest point on the mandibular symphysis that is transected
by a line parallel to the occlusal plane.
The measurements were performed manually with a stan-
dard ruler and protractor to the nearest 0.5 mm or 0.5 value.
All linear measurements were corrected for magniﬁcation and
presented as true values after subtraction of the correction fac-
tor from each measured value. Magniﬁcation correction factor
was established by measuring a known value (10 mm) on aous study groups.
Male group (N= 42)
13) Class I (n= 15) Class II (n= 13) Class III (n= 14)
20.87 ± 2.83 19 ± 2.58 20.43 ± 2.17
2.63 ± 0.88 9.73 ± 1.99 6.25 ± 2.75
Figure 1 Identiﬁed cephalometric landmarks and measurements of the maxillary and mandibular anterior alveolus. N: nasion; ANS:
anterior nasal spine; PNS: posterior nasal spine; A: point A; B: point B; UIA: upper incisal apex; LIA: lower incisal apex; UH: height of
the upper alveolus; UA: width of the upper anterior alveolus; UP: width of the upper posterior alveolus; LH: height of the lower alveolus;
LA: width of the lower anterior alveolus: LP: width of the lower posterior alveolus.
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tion. To assess reliability of the study method, the identiﬁca-
tion of landmarks and tracing measurements of 10 randomly
selected cephalometric radiographs were repeated two weeks
later and the correlation coefﬁcient values between the two re-
peated measurements were established. The arithmetic mean
and standard deviation (SD) for all the variables were calcu-
lated and analysis of variance (ANOVA) followed by Scheffe’s
test was performed to detect differences between means of cor-
responding variables among different study groups at 0.05 sig-
niﬁcance level. All statistical tests were performed using SPSS
software package (ver. 12, SPSS Inc., Chicago, IL, USA).
3. Results
The tracing and measurement method employed in this study
proved to be reliable as reﬂected by the high correlation coef-Table 2 Width and height of the anterior alveolus among the diffe
Variable Mean ± SD (mm)
Female groups (N= 39)
Class I (n= 15) Class II (n= 11) Class III (n= 1
UP 8.65 ± 0.77* 7.02 ± 0.78* 7.27 ± 1.15
UA 3.37 ± 0.51* 3.73 ± 0.55 4.87 ± 0.97*
UH 3.53 ± 0.52* 6.05 ± 0.91 7.58 ± 0.78*
LP 3.67 ± 0.45 2.55 ± 0.58 3.88 ± 0.77
LA 3.55 ± 0.52* 2.80 ± 1.07 3.85 ± 0.77
LH 15.83 ± 1.01* 20.32 ± 1.23* 21.94 ± 1.76*
UP: upper posterior alveolar width, UA: upper anterior alveolar width, L
UH: upper alveolar height, LH: lower alveolar height.
* Signiﬁcant difference when comparing males and females for the sameﬁcient value between the repeated measurements of all vari-
ables (r2 value ranges from 0.928 to 0.987).
The mean ± SD of all variables among the various study
groups are presented in Table 2. Signiﬁcant differences
(P< 0.05) were found between males and females Class I sub-
jects for all alveolus dimensions except for the width of the alve-
olus posterior to the lower incisor (Table 2). However, no
signiﬁcant differences (P< 0.05) were detected between males
and females Class II subjects for all variables except for the
upper posterior alveolus width and the lower anterior alveolus
height (Table 2). When the anterior alveolar dimensions in
Class III subjects were compared between males and females,
signiﬁcant differences (P< 0.05) were demonstrated between
the means of upper anterior alveolus width, upper anterior alve-
olus height, and the lower anterior alveolus height (Table 2).
In general, both Class II male and female subjects differ sig-
niﬁcantly (P< 0.05) from their Class I counterparts in allrent study groups.
Male groups (N= 42)
3) Class I (n= 15) Class II (n= 13) Class III (n= 14)
9.27 ± 0.68 7.87 ± 0.90 7.34 ± 0.84
4.02 ± 0.37 3.88 ± 0.55 4.07 ± 0.76
4.85 ± 0.65 6.29 ± 0.88 10.43 ± 1.73
3.9 ± 0.46 2.71 ± 0.73 3.77 ± 0.71
4.38 ± 0.50 2.60 ± 0.93 3.84 ± 0.73
19.35 ± 1.85 21.88 ± 2.54 23.96 ± 1.92
P: lower posterior alveolar width, LA: lower anterior alveolar width,
classiﬁcation at P< 0.05.
Figure 2 Means and standard deviations of the anterior alveolar dimensions among different classiﬁcations of sagittal maxilloman-
dibular relationship in the female group.
Figure 3 Means and standard deviations of the anterior alveolar dimensions among different classiﬁcations of sagittal maxilloman-
dibular relationship in the male group.
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alveolus anterior to the upper incisors (Figs. 2 and 3). When
the anterior alveolar dimensions were compared between Class
III and Class I female subjects, signiﬁcant differences (P<
0.05) were demonstrated between all the variables except for
the anteroposterior width of the lower anterior alveolus
(Fig. 2). However, Class III male subjects differed signiﬁcantly
(P< 0.05) from their Class I counterparts in all anterior alve-
olar dimensions except at the width of the alveolus anterior to
the upper incisors and posterior to the lower incisors (Fig. 3).
Also, both male and female Class II subjects showed closely re-
lated pattern of signiﬁcant differences of variables relative to
their Class III counterparts. Female Class II and Class III sub-
jects demonstrated signiﬁcant differences (P< 0.05) between
means of all the variables except for the width of the alveolusposterior to the upper incisors, while male Class II and Class
III subjects showed signiﬁcant differences (P< 0.05) in all
the variables except for the width of the alveolus both poster-
ior and anterior to the upper incisors (Figs. 2 and 3).
Finally, when the male and female subjects were pooled to-
gether, the variables between the different maxillomandibular
sagittal classiﬁcations showed signiﬁcant differences (Fig. 4).
Subjects with Class II skeletal pattern (n= 24) demonstrated
signiﬁcant differences (P< 0.05) for all the variables when
compared to their Class I counterparts (n= 30) (Fig. 4). Also,
Class III subjects (n= 27) showed signiﬁcant differences
(P< 0.05) for all the variables when compared to Class I sub-
jects except for the anteroposterior width of the lower anterior
alveolus (Fig. 4). In addition, Class II and Class III subjects
differed signiﬁcantly (P< 0.05) among all the variables except
Figure 4 Means and standard deviations of the anterior alveolar dimensions among different classiﬁcations of sagittal maxilloman-
dibular relationship in the pooled sample of male and female subjects.
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incisors (Fig. 4).
4. Discussion
In this study, the anteroposterior and vertical dimensions of
the anterior alveolus were compared among a sample of Saudi
individuals segregated based on their gender and the sagittal
skeletal jaw relationship. The anterior alveolar dimensions in
Class I normal Saudi subjects have been already established
(Al-Barakati and Alhadlaq, 2007). However, because of the
limited remodeling ability of the anterior alveolus associated
with orthodontic movement (Sarikaya et al., 2002), it remains
of high clinical value to establish the dimensions of the anterior
alveolus in cases of skeletal maxillomandibular malrelation-
ship where signiﬁcant orthodontic tooth movement of upper
and lower incisors is expected to take place in order to com-
pensate for the skeletal malrelationship. The rationale for
selecting individuals with signiﬁcant skeletal jaw discrepancy
in this study (ANB> 5 for Class II and ANB< 1 for
Class III) is to reveal any signiﬁcant differences between ante-
rior alveolar dimensions in Class I normal subjects and true
Class II and Class III cases. Border line cases of mild skeletal
discrepancy may not require signiﬁcant anteroposterior move-
ment of upper and lower incisors and may be a subject of con-
troversy in classiﬁcation. In addition, since signiﬁcant
differences between anterior alveolar dimensions were demon-
strated among male and female groups in Class I normal Saudi
subjects (Al-Barakati and Alhadlaq, 2007), the sample was dis-
tributed according to the gender in the present study as well to
detect if similar differences do exist in cases of skeletal jaw mal-
relationship. However, comparison between alveolar width
variables was also performed between the different sagittal
maxillomandibular classiﬁcations when the male and female
subjects were pooled for each variable group. This was per-
formed to detect any signiﬁcant differences when the sample
size is increased within each group and for the purpose of com-
parison with other studies which did not account for the gen-
der classiﬁcation between groups (Handelman, 1996).When male and female groups were compared, signiﬁcant
difference (P< 0.05) was found between all dimensions the
anterior alveolus except for the alveolar width posterior to
the lower incisor. This ﬁnding is similar to the ﬁnding of the
previous study (Al-Barakati and Alhadlaq, 2007) that majority
of the anterior alveolar dimensions showed signiﬁcant differ-
ence between males and females in Class I normal subjects.
However, in the previous study (Al-Barakati and Alhadlaq,
2007), the width of the alveolus anterior to the upper incisors
was not signiﬁcantly different among males and females. This
minor discrepancy in ﬁndings between the two studies, how-
ever, can be related to differences in the sample size and/or dif-
ferent dentoalveolar characteristics of the two samples. In the
present study, fewer differences between males and females
were detected for the anterior alveolar dimensions in Class II
and Class III subjects than in Class I cases. Previous investiga-
tion (Handelman, 1996) which compared the anterior alveolar
dimensions among different skeletal jaw relationships did not
segregate the sample based on the gender, and thus compari-
son with the present study on this regard could not be per-
formed. In general, for all sagittal jaw classiﬁcations, male
individuals showed greater values of anterior alveolar dimen-
sions than their female counterparts from the same classiﬁca-
tion. This ﬁnding is in accordance with the previous studies
that have established cephalometric norms for Saudi male
and female individuals (Shalhoub et al., 1987; Al-Jasser,
2005; Hassan, 2006; Al-Barakati and Alhadlaq, 2007).
Class II subjects showed similar pattern of differences of
the anterior alveolar dimensions when compared to the corre-
sponding dimensions in the Class I group for both genders. All
dimensions of the anterior alveolus in Class II subjects for
both males and females showed signiﬁcant difference from
those in Class I subjects except for the width of the alveolus
anterior to the upper incisors. In contrast, no signiﬁcant differ-
ence was detected between any of the anterior alveolar dimen-
sions in Class II and Class I normal subjects as reported by
Handelman (1996). This difference in ﬁnding can be related
to multiple factors including differences in sample population,
sample size, selection criteria, and/or pooling of the male and
74 A. AlHadlaqfemale subjects in one group in the other study (Handelman,
1996). Nonetheless, the pattern of differences between the cor-
responding variables in Class II and Class I subjects is similar
among the two studies. For example, the height of both upper
and lower anterior alveolus is greater in Class II subjects than
in Class I subjects as demonstrated by both studies. This con-
sistency between the two studies in this ﬁnding reﬂects the gen-
eral tendency for the Class II individuals to possess a greater
height of the upper and lower anterior alveolus than Class I
individuals.
In the present study, differences between the corresponding
anterior alveolar dimensions in Class III and Class I normal
subjects varied between males and females. Female Class III
sample differed signiﬁcantly from female Class I sample in
all anterior alveolar dimensions except for the anterior and
posterior width of the lower anterior alveolus, while Class
III male subjects differed signiﬁcantly from Class I male sub-
jects in all anterior alveolar dimensions except for the anterior
width of the upper alveolus and the posterior width of the low-
er alveolus. Similar previous study (Handelman, 1996) that
had investigated for the correlation between anterior alveolar
dimensions and sagittal jaw relationship, however, did not ac-
count for the gender upon segregation of the study sample to
allow for comparison with the present study on this ﬁnding.
In contrast to Class II subjects, Handelman4 reported signiﬁ-
cant differences between Class III subjects and Class I normal
subjects in the width of the alveolus posterior to the lower inci-
sors and the height of the upper and lower anterior alveolus.
Similarly, the present study has found signiﬁcant differences
in the height of the upper and lower anterior alveolus among
Class III and Class I subjects of both male and female groups.
This consistency in ﬁnding between the two studies may dem-
onstrate part of the dentoalveolar compensation in Class III
individuals with an increased anterior alveolar height due to
overeruption of upper and lower incisors to conquer for the
typical lack of anterior occlusion in such cases.
When the anterior alveolar dimensions in Class II and Class
III subjects were compared, most dimensions showed signiﬁ-
cant differences in both male and female groups. This ﬁnding
is in contrast to the ﬁnding of Handelman (1996) who demon-
strated only one signiﬁcant difference between the anterior
alveolar dimensions in Class II and Class III Caucasian sub-
jects related to the width of the alveolus posterior to the lower
incisors. Also, most anterior alveolar dimensions were found
to be of greater value in Class III subjects than in Class II sub-
jects within each gender’s group in the present study. Such
observation, on the contrary, was demonstrated only for the
height of the upper and lower anterior alveolus by Handelman
(1996). In general, variability in the sample background and
study methods can account for these inconsistencies among
the two studies.
Comparison of the ﬁndings of the present study when the
male and the female subjects were pooled together for each
variable group with a related study (Handelman, 1996) which
has been performed on Caucasian population showed marked
distinctions between the two studies. For example, in contrast
to the study of Handelman (1996) where no signiﬁcant differ-
ences were demonstrated between Class I and Class II subjects
in all the variables, the present study demonstrated signiﬁcant
differences between all the variables among the two groups.
Also, while Class III subjects differed signiﬁcantly from their
average counterparts in the posterior width of the lower ante-rior alveolus and the height of both upper and lower anterior
alveolus in the Caucasians, the Saudi Class III subjects in the
present study showed signiﬁcant differences among all the vari-
ables except for the anterior and posterior width of the lower
anterior alveolus. Lastly, while the present study demonstrated
signiﬁcant differences among all the variables between Class II
and Class III subjects except for the posterior width of the
upper anterior alveolus, Handelman (1996) failed to demon-
strate any signiﬁcant difference between the two groups except
for the posterior width of the lower anterior alveolus. Once
more, variability of racial background and sample selection
criteria between the two studies may account for such differ-
ences in ﬁndings.
Further studies to investigate the relationship between the
dimensions of the anterior alveolus and other skeletal jaw mal-
relationships in the vertical and transverse dimensions are
recommended.
5. Conclusion
The present study established the dimensions of the anterior
alveolus as measured from the lateral cephalometric radio-
graph for a selected group of Saudi individuals with normal
and abnormal sagittal skeletal jaw relationship. Signiﬁcant dif-
ferences of the anterior alveolar dimensions were found be-
tween males and females with Class I, Class II, and Class III
skeletal maxillomandibular classiﬁcation. When controlling
for the gender, signiﬁcant differences of the anterior alveolar
dimensions were detected between individuals with Class I nor-
mal jaw relationship and individuals with Class II or Class III
jaw relationship. In addition, Class II jaw relationship subjects
were demonstrated to have multiple signiﬁcantly different
anterior alveolar dimensions when compared to subjects with
Class III jaw relationship.
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